laevigatus (maximum age 20 years) and L. inops (maximum age 21 years) were synchronised within and between species. The correlation between the two master otolith chronologies, i.e. mean standardised increment width for each year, was highly significant (P < 0.01). The master otolith chronology for each species was positively correlated with mean sea surface temperatures from 1 July to 30 June, which encompassed the austral summer when growth is typically greatest, and with mean monthly sea surface temperature between September and
Introduction
The warm, oligotrophic Leeuwin Current flows poleward along the west coast of Australia and then eastwards along the southern coast (Pearce and Phillips 1988; Feng et al. 2009; Pattiaratchi and Woo 2009; Condie et al. 2011) . Current strength declines progressively along its route and varies among years, a feature reflected in corresponding fluctuations in mean sea level (Reid and Mantyla 1976; Pearce and Phillips 1988; Feng et al. 2003) . There is evidence that, on the southern coast of Western Australia, the Leeuwin Current promotes onshore surface transport of nutrients via a shorewards flow and eddy-induced mixing (Cresswell and Griffin 2004; Condie et al. 2011) . Furthermore, the strength of the annual recruitments of the Australian herring (Arripis georgianus), pilchard (Sardinops sagax) and western blue groper (Achoerodus gouldii) on this coast is related to the strength of this current (Fletcher et al. 1994; Lenanton et al. 2009; Coulson et al. 2009 ). There has been no attempt, however, to explore whether the growth of any fish species on the south coast (or indeed the west coast) is related to the strength of the Leeuwin Current.
Water temperatures on the south coast of Western Australia vary among years (Reynolds et al. 2007 ). Such variations can affect, in a variety of direct and indirect ways, the growth of ectotherms, and thus including fishes. For example, within the normal temperature range of such species, a rise in temperature is likely to lead to an increase in growth through enhancing the metabolism of that species (Fry 1971; Portner and Farrell 2008; Neuheimer et al. 2011) . Variations in temperature can also influence productivity and hence food availability and the interactions between species (Poloczanska et al. 2008; Black 2009 ). It should also be recognised that sea temperatures around Australia have increased during recent decades and particularly so in south-western Australia (Lough et al. 2012 ).
The demonstration that the widths of the intervals between successive annually formed growth zones in the otoliths of a number of fish species are correlated significantly with annual changes in water temperature and, in some species, with certain other environmental variables, has led to such widths being used as a 'proxy' for exploring the ways in which the somatic growth of fish is influenced by water temperature and/or other variables (Thresher et al. 2007; Black 2009; Black et al. 2008a Black et al. , 2011 Black et al. , 2013 Matta et al. 2010; Gillanders et al. 2012) . It should be recognised, however, that, although most studies have found such otolith increment widths to be positively correlated with water temperature, the opposite trend was recorded for Pacific rockfish (Sebastes spp.) in the California Current, in which coastal upwellings of cold, nutrient-rich waters lead to increased productivity (Black2009; Black et al. 2005 Black et al. , 2008a Mann and Lazier 2006; Thompson and Hannah 2010) .
Some of the studies describing the long-term relationships between the increment widths, and thus growth, of otoliths and aspects of environmental variability have been facilitated by applying techniques developed for analysing tree-ring data (dendrochronology) (Black 2009; Black et al. 2008a Black et al. , 2011 Black et al. , 2013 Matta et al. 2010; Gillanders et al. 2012) . In this approach, the use of crossdating ensures that all increments have been assigned the correct year of formation and assumes that otolith growth is influenced by some limiting cyclical environmental factor. Consequently, variations in inter-annual otolith increment widths are synchronised and differ according to variations in that factor (Black et al. 2005 (Black et al. , 2013 Matta et al.2010; Gillanders et al. 2012) . The presence of a significant correlation among the time series of widths of growth zones within individual otoliths demonstrates that such a driving factor is influencing growth. The patterns of otolith growth have also been subjected to mixed modelling and age-specific regression to explore the relationship between somatic growth and environmental variables on multiple populations of a given species and of co-occurring species (Thresher et al. 2007; Neuheimer et al. 2011; Morrongiello et al. 2012) . The relationships between the trends exhibited by the increment widths in otoliths and variables such as water temperature are of importance in predicting the effects of climate change (e.g. Thresher et al. 2007; Neuheimer et al. 2011; Gillanders et al. 2012 ).
The co-occurrence of the closely related Platycephalus laevigatus and Leviprora inops on the south coast of Western Australia poses the question as to whether their growth is related to the strength of the Leeuwin Current and/or water temperature and whether both species respond to these environmental variables in the same way. These two species of Platycephalidae live in seagrass beds and over and around adjacent shallow reefs (Klumpp and Nichols 1983; Hutchins and Swainston 1986; Gomon et al. 2008) and, on the south coast of Western Australia, are abundant in the large composite embayment that comprises the inter-connected Oyster Harbour, Princess Royal Harbour and King George Sound (Fig. 1 ). As such habitats occur intermittently in bays along this exposed coast, it is highly likely that the individuals of these species present in this large water body remain there for the whole of their life cycle, especially as they are ambush predators and not adapted for vigorous swimming. Despite the morphological and behavioural similarities of these species, the extensive unpublished dietary data of the senior author (P. Coulson) demonstrate that, in this large water body, the adults of P. laevigatusingest large volumes of the crab Nectocarcinus integrifons, as does this species in Eastern Australia (Klumpp and Nichols 1983) , whereas those of L. inops consume negligible amounts of crustaceans and large volumes of teleosts.
During the present study, marginal increment analyses for the otoliths of adult P. laevigatus and L. inops from the above three interconnected embayments were first used to provide sound evidence that the growth zones in these hard structures of those two cooccurring species are typically formed annually. Dendrochronological approaches were then employed to demonstrate that the patterns exhibited by sequential increment widths in the otoliths of the individuals of each species are synchronised. The resulting data were next analysed to determine the following. 
Materials and methods

Sample collection and treatment of otoliths
Platycephalus laevigatus and L. inops were obtained between July 2006 and June 2009 from the catches of commercial fishers using gillnets in Oyster Harbour, King George Sound and Princess Royal Harbour at ~35°S, 117°60′E on the southern coast of Western Australia (Fig. 1) . It is reiterated that these three water bodies are inter-connected and essentially constitute collectively a large marine embayment.
The sagittal otoliths of each fish were removed, cleaned and stored in envelopes. One sagittal otolith from each fish was subsequently embedded in clear epoxy resin and cut transversely through its primordium into ~0.3-mm sections using an Isomet Buehler low-speed diamond saw. The resulting sections were mounted on glass microscope slides employing DePX mounting adhesive. Digital images of each sectioned otolith were recorded using an Olympus DP70 12.0 megapixel camera mounted on an Olympus BX51 compound microscope and viewed employing transmitted light at a magnification of 10×.
The opaque zones on the dorsal side of each otolith were counted employing Leica Application Suite version 3.0 (Leica Microsystems). The marginal increment (MI) on each otolith, i.e. the distance (width) between the outer edge of the outermost opaque zone and the otolith periphery (PW), was expressed as a proportion of the distance between the outer edges of the two outermost opaque zones (ZW), i.e. MI = PW/ZW. Note that our inability to obtain the smaller individuals of either species, i.e. <250 mm total length, and thus the youngest fish, accounts for the otoliths of none of the fish possessing <2 opaque zones. Since marginal increment analysis demonstrated that a single opaque zone is typically laid down annually in the otoliths of P. laevigatus and L. inops (see Results), the number of such zones was used for ageing each fish, taking into account the date of capture and the birth date and time of formation of those zones in each species. The birth dates of P. laevigatus and L. inops were taken as 1 October and 1 December, respectively, with the spawning periods of these two species ranging from August to November and from October to February, respectively. It is assumed that, as with other species on the south coast of Western Australia (Coulson et al. 2009 (Coulson et al. , 2010 (Coulson et al. , 2012 Cossington et al. 2010) , the first opaque zone is laid down in the otoliths of P. laevigatus and L. inops during the first year of life. Full details for the above methodology are given in Coulson et al. (2009 Coulson et al. ( , 2010 Coulson et al. ( , 2012 .
The opaque zones in each sectioned otolith of P. laevigatus and L. inops used for the sclerochronological studies (see below) were counted on three separate occasions by the senior author. On each occasion, the counts were usually identical and, when not identical, two were always the same. The count recorded for each otolith on two or all three occasions was thus the one used for ageing. The opaque zones were counted independently on a single occasion by a second reader. The level of precision between the final count recorded by the first author and the single count recorded by the second reader was assessed using the coefficient of variation (CV) of Chang (1982) . The resultant CV values of 3.3 % for P. laevigatus and 3.2 % for L. inops are well below the 5 % considered acceptable by Campana (2001) , demonstrating that there was a high level of agreement between the counts of the two readers for these two species.
The sclerochronological component of the study was based on the otoliths from 96P.
laevigatus and 120 L. inops, in which there were greater than or equal to four opaque zones (for rationale see below). As the substantial number of individuals caught during the spawning periods of P. laevigatus and L. inops contained more than three opaque zones in their otoliths and were mature, all of the above individuals of both species were assumed to be adults (P. Coulson, unpublished data) . Note that the time of spawning within the year is used for designating the year class to which an individual is assigned.
Measurements were restricted to those increments located beyond the fourth opaque zone because the geometry of the otolith changes rapidly early in life and the relationship with environmental variables at this stage may differ from that of adults (Matta et al. 2010 ).
Measurements were also restricted to those otoliths in which the edges of the outer zones were clearly identifiable. The widths of all but the three innermost growth increments, i.e. the distance between the outer edges of each pair of consecutive opaque zones in the same region in the digital image of the dorsal side of each otolith, were measured (to the nearest 1 μm) perpendicular to the opaque zones (Fig. 2) . Each increment width, which corresponds to the growth that occurs in an otolith in a year, i.e. 12-month period, was measured using the image processing software package Leica Application Suite version 3.0 (Leica Microsystems). Each series of measurements of successive increment widths of an otolith is subsequently referred to as a time series.
All otoliths were visually crossdated to ensure that each increment was assigned the correct year of formation. This procedure is based on the assumption that some aspect of the environment influences growth and that, as the environment varies over time, it results in synchronisation in the pattern of growth of the otoliths of all members of a population within a given region. Crossdating matches these synchronous growth patterns among otoliths, commencing at the outermost increment formed immediately prior to the known date of capture and proceeding inwards to the primordium. If an increment in an otolith had been missed or falsely identified, the pattern of sequential increment widths within that otolith would be offset relative to the patterns in the otoliths of other individuals of that species, thereby identifying that there was an error. No such errors were detected. This largely reflects the fact that the otoliths selected for study were those in which the margins of their opaque zones on either side of the growth increment were clearly distinct (see above).
Analyses
The International Tree Bank Program Library program COFECHA (Holmes 1983; GrissinoMayer 2001) was employed to verify crossdating quantitatively, as previously used with bivalve shells (Black et al. 2008b) , corals (Carilli et al. 2009 ) and fish species (Black et al. 2005 (Black et al. , 2008a Matta et al. 2010; Thompson and Hannah 2010; Gillanders et al. 2012 ). This crossdating program was used to fit each series of increment measurements with a highly flexible cubic smoothing spline set at a 50 % frequency response of 10 years. Each measurement time series was then divided by the values predicted by the spline function, removing low-frequency variability and standardising all measurement time series to a mean of one. Any remaining autocorrelation was removed via autoregressive modelling in COFECHA to ensure that all detrended time series met the assumptions of serial independence. The standardised time series for each individual was then correlated with the average for all other standardised time series of measurements for each species, the mean of which was reported as the inter-series correlation. This approach of isolating only the highfrequency, serially independent growth pattern mathematically mimicked the process of visual crossdating (Holmes 1983; Grissino-Mayer 2001) . COFECHA also calculated the mean sensitivity, a measure of the relative change in increment width between successive years that ranges from a minimum of zero, i.e. two increments with the same width, to a theoretical maximum of two, i.e. a pair of increments in which one value is zero (Fritts 1976 ).
After crossdating, the original time series of increment measurements were grouped into growth-increment widths according to the ages at which they were formed. Within each age group (e.g. the increments formed in each otolith during the fifth year of the life of the fish), each increment was standardised by dividing by the group mean, calculated as.
where GI s was the standardised growth increment, GI w was the growth-increment width, and GI m was the mean increment width within the age group. For each species, the standardised growth increments across all age groups of each species were then averaged with respect to their year of formation to generate for each species what is subsequently termed the master otolith chronology, noting that this assumes that the otolith widths of all age classes undergo a similar relative change in response to the environmental factor(s). Only those portions of the chronology in which, as in other studies, there were at least six individuals for a year were retained to ensure that the sample-wide synchronous growth pattern was not unduly influenced by individual-level variability (e.g. Matta et al. 2010; Gillanders et al.2012 ).
Master otolith chronologies and their relationships with environmental variables
Mean daily sea surface temperatures (°C) and sea levels (cm) in the Albany region on the south coast of Western Australia (Fig. 1) were used to calculate the mean annual and mean monthly values for both of these variables between July 1992 and June 2008. Sea surface temperatures were taken from the Reynolds sea surface temperature database (Reynolds et al. 2007 ), while sea levels were recorded by the Western Australian Department of Transport using the tide gauge at the mouth of Princess Royal Harbour (Fig. 1) . Note that, in the present study, year corresponds to the 12-month period between 1 July and 30 June so that it encompasses the main growth period, which is assumed to occur when water temperatures are elevated, i.e. between the austral spring and autumn. This contrasts with the situation in the Northern Hemisphere where a calendar year, i.e. 1 January-31 December, encompasses the corresponding period of elevated temperatures and maximum growth and which has been employed in sclerochronological studies of fish in that hemisphere (Black 2009; Black et al. 2005 Black et al. , 2011 Matta et al. 2010; Thompson and Hannah 2010 ).
Pearson's correlation coefficients (r) were tested to determine whether there was a significant relationship between (1) the master otolith chronologies of each platycephalid species and (2) the master otolith chronology for each species and both the annual and monthly means for sea surface temperature and sea level. Next, multiple regression analysis was employed to determine a predictive relationship between the master otolith chronology for each species and the average monthly sea surface temperatures and sea levels. For this, the regression model best describing the GI s was chosen as that with the least value of the corrected Akaike Information Criterion (AICc; Burnham and Anderson, 2002) within the set of models using all possible combinations of one, two and three of the monthly sea surface levels and water temperatures as explanatory variables. The model was limited to three explanatory variables as such complexity was considered appropriate given the number of observations available.
The value of the AICc was calculated as AICc=−2(log−likelihood)+2K+2K(K+1)/(n−K−1), where n is the number of observations, and K is the number of parameters.
Results
Marginal increment analysis
The mean monthly values for the MI for otoliths of P. laevigatus with 2-7 opaque zones remained >0.80 between July and December and then declined to 0.55 and 0.52 in February and March, respectively, after which it rose to 0.71 in April and 0.77 in June (Fig. 3) . The mean monthly MIs for the otoliths of P. laevigatus with ≥8 opaque zones followed essentially the same trend as that just described for otoliths with 2-7 opaque zones, with values declining markedly to their minima in early to mid-summer, noting that the particularly low mean for the MIs in July was based on only two otoliths and which had particularly low values. The trends exhibited by the mean monthly MIs for the otoliths of L. inops with 2-7 and ≥8 opaque zones followed the same seasonal pattern as those just described for the otoliths of P. laevigatus with corresponding numbers of opaque zones (Fig. 3) .
The consistency of the single decline and then progressive increase undergone during the year by the mean monthly marginal increments for otoliths of P. laevigatus and L. inops demonstrate that, irrespective of the number of opaque zones, a single opaque zone is typically formed annually in the otoliths of both species. The number of opaque zones in those otoliths can thus be used to age the individuals of each species (see "Materials and methods").
Otolith chronologies
The ages of the individuals of the two platycephalid species used for the chronological studies ranged from 9 to 21 years for the 96 P. laevigatus and from 6 to 20 years for the 120 Leviprora inops. The mean number of annual increments used for constructing the master otolith chronologies was 8.6 for P. laevigatus and 7.2 for L. inops (Table 1 ).
The patterns of variation in the widths of the growth increments were similar within and between the otoliths of the individuals of P. laevigatus and L. inops (Fig. 4) . Thus, for example, in both species, the increments that correspond to the 2001/2002, 2003/2004 and 2005/2006 years, and which thus each encompass the full austral summer, were consistently narrower than those for the immediately preceding and following years. Furthermore, the increments corresponding to the growth of the individuals of L. inops in 1995/1996 were always conspicuously narrower than those in the immediately preceding and following years.
The highly synchronous patterns of otolith growth by each species were reflected in the fact that the average correlation between each standardised time series of increment measurements and the average of all others, i.e. the inter-series correlation, was as high as 0.64 for P. laevigatus and 0.62 for L. inops (Table 1 ). The mean sensitivity values were 0.20 for P. laevigatus and 0.25 for L. inops. In addition, the master otolith chronologies for P. laevigatus and L. inops were strongly and positively correlated (Pearson's r = 0.83, P < 0.01).
Correlations with environmental variables
On the basis of Pearson's correlation coefficient, the master otolith chronologies of both species were positively correlated with the mean annual sea surface temperature and also with monthly mean sea surface temperature for each month between September and March with P. laevigatus and for each of those months except October with L. inops ( Table 2 ). The positive correlation between the master otolith chronology for both species and sea surface temperature was even stronger when employing the average of the mean monthly sea surface temperature from September (early spring), when temperatures start to rise, through to March (early autumn), after which temperatures start to decline (Table 2) , and thus correspond to the months when the majority of growth would be expected to occur. The increment widths of both species and the average sea surface temperatures between September and March in the years between 1992/93 and 2007/08 are closely related (both P < 0.001) (Fig. 5a ). The close linear relationships between the increment widths of both species and sea surface temperatures, using data for the same years, are shown in Fig. 5b and described Platycephalus laevigatus GIs = −1.013 + 0.109SST December (AICc = −33.41)
Leviprorainops GIs = −1.700 + 0.146SST December (AICc = −31.98).
Discussion
Synchrony of growth patterns in otoliths of Platycephalus laevigatus and Leviprora inops
The evidence from crossdating provides a high level of confidence that the annually formed growth increments in the otoliths of both P. laevigatus and L. inops were correctly dated and that the final chronologies were exactly placed in time. Although the measurement time series for each species was relatively short and thus theoretically increased the chance of spurious correlations in statistical verification of crossdating using COFECHA, the large sample sizes provide an extra level of confidence in the fidelity of the resulting chronology. Indeed, the sample sizes of 96 for P. laevigatus and 120 for L. inops far exceed those previously used in similar sclerochronological studies on teleost fish, among which they exceeded 30 in only two cases (cf. Black 2009; Black et al. 2005 Black et al. , 2008a Black et al. , 2011 Black et al. , 2013 Matta et al. 2010; Thompson and Hannah 2010; Gillanders et al. 2012 ). The conclusion that the growth zones in the otoliths of both species had been correctly identified was further supported by the highly significant correlation between the master chronologies of the two species.
The inter-series correlations of 0.64 for P. laevigatus and 0.62 for L. inops are relatively high for this type of study (Black 2009 , Matta et al., 2010 , Gillanders et al.2012 ) and demonstrate that the pattern exhibited by corresponding increment widths was consistent among the otoliths of each species. The high inter-series correlations for the above two species also reflect an ability to readily distinguish the boundaries of the clearly defined growth increments in these platycephalids and thus measure accurately the increment widths. 
Relationships between otolith chronologies and environmental variables
During preliminary analyses, the master otolith chronologies for P. laevigatus and L.
inops were considered in the context of the mean water temperatures for each calendar year, i.e. 1 January-31 December, as has been traditional with such studies (Matta et al. 2010; Black et al. 2011 Black et al. , 2013 . The resultant Pearson's correlation coefficients of 0.43 and 0.12 for these relationships, respectively, were not statistically significant (both P > 0.05). This contrasts with the significant and positive relationships that were recorded between the master otolith chronologies and the mean annual sea surface temperatures calculated for P. laevigatus (0.71) and L. inops (0.67) for the period between 1 July and 30 June (both P < 0.01). This difference emphasises that, while a calendar year is an appropriate 12 month reference period for species in the Northern Hemisphere as it encompasses the warm growth period, this is not the case in the Southern Hemisphere, where the end of one calendar year (December) and the commencement of the next (January) occurs in the middle of the warm growth period.
The inter-annual variations in the widths of successive increments in the otoliths ofP.
laevigatus and L. inops, as demonstrated by the estimates of sensitivity and the high interseries correlations, are clearly of sufficient magnitude, i.e. 20-25 %, respectively, to reveal that increment width is significantly related to some environmental driver, such as water temperature. The similarly high, significant and positive correlation coefficients between the master otolith chronologies and mean annual sea surface temperature for P. laevigatus and L.
inops imply that the growth of the two species are similarly influenced by inter-annual variations in sea surface temperature. This conclusion is endorsed by the fact that the master otolith chronologies for P. laevigatus and L. inops were positively and strongly correlated (r = 0.83, P < 0.01).
It is particularly noteworthy that the master otolith chronology for P. laevigatus was significantly and positively correlated with the mean sea surface temperature in each month between September, when temperatures start to rise, and March, after which they started to decline, and that the same was true for L. inops in all but one of those months (Table 2 ). This parallels the situation in New Zealand, elsewhere in the Southern Hemisphere, where the relationships between the otolith chronology for Girella tricuspidata and sea surface temperature were greatest for the mid-summer (January) to early autumn (March) months (Gillanders et al. 2012) . It is also relevant that the overall Pearson's correlation coefficients for the master otolith chronology of both platycephalid species and the mean sea surface temperatures for the period between September and March collectively were particularly high, i.e. 0.82 and 0.83, respectively ( Table 2) . The above strong and positive relationships, together with those between the two species, provide further support for the conclusion that the patterns of otolith growth of P. laevigatus and L. inops are influenced in a similar manner by temperature. Such an influence parallels the situation with the otoliths in a number of other marine and freshwater fish species (Matta et al. 2010; Stocks et al. 2011; Black et al. 2011 Black et al. , 2013 Gillanders et al. 2012) . These positive relationships between otolith growth and water temperature parallel those exhibited by the metabolism and somatic growth of fishes and the water temperature in their environment (Pauly 1980; Hagen and Quinn 1991; Brander 1995; Portner et al. 2001) . Thus, the trends exhibited by otolith growth in terms of water temperature broadly reflect, at least in the above cases, those of the whole animal. Yet, the otolith growth of some other fish species is negatively correlated with water temperature in regions characterised by strong, cool coastal upwelling (Black 2009; Black et al. 2005 Black et al. , 2008a Thompson and Hannah 2010) . Such negative correlations with temperature presumably reflect an overiding influence of the pronounced increase in productivity that results from such upwellings, and which would thus facilitate a greater growth of otoliths and of the fish in general.
The strong correlations between the master otolith chronologies of both P. laevigatus and L.
inops and the sea surface temperature contrast with the lack of a significant correlation between those chronologies and sea level, a proxy for the strength of the Leeuwin Current.
These results are consistent with the fact that sea surface temperature in December was the sole explanatory variable for both P. laevigatus and L. inops in the multiple regression models, which, on the basis of AICc values, best described the relationships between the GI s for each species and the various environmental variables.
The lack of a clear relationship between the master otolith chronology for both P.
laevigatus and L. inops and the strength of the Leeuwin Current is initially surprising as the strength of this current does influence other biological characteristics of some species on the southern coast of Western Australia, such as the annual recruitments of certain species (Fletcher et al. 1994; Lenanton et al. 2009; Coulson et al. 2009 ). It should be recognised,
however, that the two species of platycephalid were collected from a large water body comprising three inter-connected embayments (Fig. 1) . Thus, the effect on the growth of the platycephalid species is more likely to be influenced by local environmental factors, such as water temperature, than by the strength of the Leeuwin Current.
It is noteworthy that the inter-annual trends in the patterns of growth of the otoliths of P.
laevigatus and L. inops were very similar and likewise highly correlated with water temperature even though the diets of these two species differed markedly, with the former species ingesting large volumes of the crab Nectocarcinus integrifons and the latter species consuming little of this prey and large volumes of teleosts. Thus, unless the biomass of these very different prey are similarly affected by some common environmental variable, it is unlikely that inter-annual variation in diets produced the observed patterns in otolith growth.
The marked differences in the diets of P. laevigatus and L. inops imply that the two species exhibit different foraging behaviour within the seagrass habitats of the large, semi-enclosed water body in which they were caught.
As there is overwhelming evidence that the growth of P. laevigatus and L. inops are influenced by water temperature, it is highly relevant that, during the last few decades, the temperatures of waters off the coast of south-western Australia have undergone a particularly marked increase (Lough et al. 2012) . It is thus pertinent that the rates of growth of the otoliths of P. laevigatus and L. inops on the south coast of Western Australia rose as temperature increased, a trend consistent with that found in populations of species which lie within the main distribution and respective temperature range of those species (e.g. Thresher et al. 2007; Neuheimer et al. 2011) . As the distribution of L. inops extends from the south coast a long distance northward along the western coast of Australia to far warmer waters at ~25° 30′S (Gomon et al. 2008) , it is predicted that rises in temperature will lead to an increase in the growth rate of this species. However, as the distribution of P. laevigatus extends only as far northwards as Perth at ~32°S, the temperature on the south coast may be approaching the optimum for the growth of the individuals of this species.
In summary, the results presented in this paper demonstrate that the patterns of growth of the individuals of two co-occurring and confamilial species of fish in the Southern
Hemisphere, P. laevigatus and L. inops, were each highly synchronised and that there was a strong correlation between the patterns in these two species. The annual growth of the otoliths of each species was also shown to be influenced significantly and positively by water temperature. The results also emphasised that, in the Southern Hemisphere, such analyses should employ data for 1 July to 31 June so that they encompass the whole of the main growth in a given 12-month period, which occurs around the turn of the year in the austral 'summer', rather than the calendar year as in the Northern Hemisphere, where the main growth occurs in the middle, i.e. 'summer', of that year. Although the longevities of P.
laevigatus(21 years) and L. inops (20 years) were less than in the majority of similar studies, the results still provide a clear and valuable insight into the likely effects of water temperature changes on these species brought about by ongoing climate changes. In this context, it is noteworthy that sea surface temperatures for the waters off Western Australia have risen over the past 50 years and global temperature data indicate that the rate of warming is increasing (Pearce and Feng 2007) . While our results indicate that further small increases in water temperature will result in an increase the growth of both species, the optimal temperature for growth may already be close in the case of P. laevigatus. The strong relationship between growth and water temperature in the two platycepahlid species emphasises that it would be invaluable to explore, for predictive purposes, whether this trend applies to other species that occur along that coast, including those outside embayments, especially as this region is undergoing such pronounced temperature changes. September and March and the average of the monthly means between September and March.
* P < 0.05, ** P < 0.01
